The onset of double diffusive convection in a layer of Maxwell viscoelastic fluid in porous medium with cross diffusion effects is studied using linear and nonlinear stability analysis. The previous study has focused on linear stability analysis only. Therefore, in the present study, we have focused on oscillatory convection and nonlinear stability theory. The linear analysis is based on the classical normal mode technique. The expressions for stationary, oscillatory convections are obtained as a function of governing parameters such as solute Rayleigh number, Soret parameter, Dufour parameter and Lewis number and their effects on the stability of a system are shown graphically. The nonlinear analysis is based on the truncated Fourier series which provides the quantification of heat and mass transfer. The transient behavior of Nusselt and Sherwood numbers is studied by solving numerically a fifth order Lorentz type system using Runge-Kutta method.
Introduction
Fluid is the most essential thing in our everyday life. For example, water, air, blood, milk, ink, honey, paint etc are a few among others. Study of fluids is very important in every branch of science like Physics, Chemistry, Biology and Mathematics and also in many branches of engineering like Chemical Engineering, Metallurgy along with in medical sciences. A subject of fluid mechanics deals with the study of the motion and general behavior of a fluid governed by the law of conservation of mass, laws of mechanics and of thermodynamics. The laws of mechanics referred to are the Newton's laws of motion. The fluid under study may be flowing in pipe or in channel, in pump or in compressor, around an aircraft or a missile, in an ocean or in the atmosphere, thus making the subject of fluid mechanics.
The twentieth century has witnessed the thorough understanding of the laws and principles of fluid mechanics and the skills of how to apply them to encounter various challenging problems of the real world. Aeronautical, biomedical, civil, marine and mechanical engineers as well as astrophysicists, geophysicists, space researchers, meteorologists, physical oceanographers, physicists and mathematicians have used this knowledge to tackle with variety of complex flow phenomena.
One of the important and dominant mechanisms of heat transport is 'Convection'. Convective instability in a fluid and fluid-saturated porous medium has been the subject of extensive experimental and theoretical importance because of its wide spread applications in many practical situations such as chemical engineering, geothermal energy utilization, oil reservoir modeling, building of thermal insulation, nuclear waste disposal and biological processes. A great deal of effort has been devoted during the last few years to investigate the problem of convective instability in a fluid and fluid-saturated porous layer subject to various additional effects depending on the applications in a variety of geophysical and technological problems.
The convection driven by the buoyancy that is contributed by two different diffusive components, namely, temperature and solutal concentration, with differing rates of diffusion is widely known as "double diffusive convection (DDC)" or "two component convection" Furthermore, when two transport processes take place simultaneously, they interfere with each other, producing cross-diffusion effects. In heat-salt pair, there are many physical phenomena where it has been observed that the flux of salt is a function of temperature gradient as well as salinity gradient. This effect of temperature gradient on salt flux is termed as thermophoresis or Soret effect [see Soret (1980 Soret ( , 1979 , Straughan and Hutter (1999) ]. Reciprocally, diffusion thermo or Dufour effect [see Dufour (1973 Dufour ( , 1972 ] has observed which corresponds to specific differentiation developing in temperature submitted to the concentration gradient.
The study of the onset of DDC in a porous medium due to temperature and concentration gradients has become an interesting field of study because of its numerous fundamental and industrial applications, especially the study of the behavior of fluids in Earth's crust, in geology, geographic, metallurgy, material sciences and petroleum engineering. The study of the onset of thermal instability in a horizontal layer of viscous fluid heated from below has its origin in the experimental observations of be Benard in the year 1900 [B'nard (1900) ]. Motivated with the experimental observations of Benard, Lord Rayleigh in 1916 [Rayleigh (1916 ] developed the mathematical theory of this problem.
The onset of thermal instability in a horizontal porous layer was first studied extensively by Horton and Rogers (1945) and Lapwood (1948) . However, Neild (1968) was the first to investigate double diffusive generalization of the Horton-Rogers Lapwood problem. The problem was generalized to double diffusive convection by Veronis (1965) who demonstrated that subcritical instabilities may set in at a Rayleigh number smaller than that given by monodiffusive instability theory.
A great deal of work in this field is well documented in the book by Nield and Bejan(2006) . The linear stability analysis of the thermosolutal convection in a sparsely packed porous layer was made by Poulikakos (1968) using Darcy-Brinkman model. Murray and Chen (1989) have extended the linear stability theory, by taking into account the effects of temperature dependent viscosity and volumetric expansion coefficients and nonlinear basic salinity profile.
The double diffusive convection in a Darcy porous medium in the presence of Soret and Dufour coefficients has been analyzed by Rudraiah and Malashetty (1986) and this work is extended to Brinkman model by Rudraiah and Siddheshwar (1998) . The effect of temperature dependent viscosity on double diffusive convection in an anisotropic porous medium in the presence of Soret coefficient has been studied by Patil and Subramanian (1992) . Straughan and Hutter(1999) have investigated the double diffusive convection with Soret effect in a porous layer using Darcy-Brinkman model. Bahloual et al. (2003) have carried out an analytical and numerical study of the double diffusive convection in a shallow horizontal porous layer under the influence of Soret effect. Mansour et al. (2006) have investigated the multiplicity of solutions induced by thermosolutal convection in a square porous cavity heated from below and subject to horizontal solute gradient in the presence of Soret effect. Useful review articles on double-diffusive convection include those by Charrier-Mojtabi(2005, 2000) , Mamou (2003) . Malashetty and Gaikwad (2001) have studied the effect of cross diffusion terms on double diffusive convection in a porous medium in the presence of horizontal gradients. Malashetty and Begum (2011) have investigated the effect of rotation on the onset of double diffusive convection in a sparsely packed anisotropic porous layer. Recently Gaikawad and Kamble (2012a, 20121b, 2014) have investigated theoretically the double diffusive convection in a fluid saturated anisotropic couple stress fluid and porous layer in the presence of Soret and rotational effect.
The study of viscoelastic fluids has become important and attracted the researchers. The importance of the study of viscoelastic fluids in a porous medium has been increasing for the last few years. This is mainly due to their applications in petroleum drilling, manufacturing of foods and paper, and many others. A Maxwell material is a viscoelastic material having the properties both of elasticity and viscosity. It is named for James Clerk Maxwell who proposed the model in 1867. It is also known as a Maxwell fluid. Examples of viscoelasticc fluids are paints, resin, coal tar etc. There are various models for viscoelastic fluids, one of them is Maxwell fluid model (1867). The problem of convective instability of viscoelastic fluid heated from below was first studied by Green (1968) . Thermal convection in a binary fluid driven by the Soret and Dufour effects has been investigated by Knobloch(1986) . He has shown that equations are identical to the thermosolutal problem except for a relation between the thermal and solute Rayleigh numbers.
During recent years, various problems regarding non-Newtonian fluids saturating porous media have received much attention. Using this model, Tan and Masuoka (2007) studied the monodiffusive stability of a fluid saturated in a porous medium. An analogous model, called modified Darcy-Maxwell model of the same fluid was introduced by Khuzayorov et al. (2000) . Wang and Tan (2008) , Jaimala and Goyal (2012) used this modified Darcy-Maxwell model to investigate the instability of double diffusive mixture. More recently Abderrahman et al. (2015) and M ' hand et al. (2014) have investigated numerically the simulation of heat and mass transfer with mixed convection in vertical channel.
In view of the above studies, and keeping in mind that the Soret and Dufour effects, however small they may be, are present in double diffusive convection and are equally important. The aim of the present study is to examine theoretically the effect of various parameters on heat and mass transfer and linear and nonlinear stability of double diffusive convection in a layer of Maxwell viscoelastic fluid in porous medium with cross diffusion effects. (1)
Formulation of the Problem
where ,
, c is the specific heat of the solid, p c is the specific heat of the fluid at constant pressure respectively,  = stress relaxation parameter,
The basic state of the fluid is assumed to be quiescent and is given by 
T T S S 
On the basic state we superpose infinitesimal perturbations in the form
where the primes indicate perturbations. Substituting Eq. (7) into Eqs. (1)- (4) and using Eqs (6), the perturbed state equations are given by,
By operating curl twice on Eq. (9), we eliminate p from it and then render the resulting equation and the Eqs. (10)-(11) dimensionless using the following transformations
to obtain non-dimensional equations as (on dropping the asterisks for simplicity), 
The boundaries are assumed to be stress free, isothermal and isohaline; the Eqs. (13)- (15) are to be solved for the boundary condition
Linear Stability Analysis
We predict the thresholds of both marginal and oscillatory convections using linear theory. The Eigen value problem defined by Eqs. (13)  (15) subject to the boundary conditions (16) is solved using the time-dependent periodic disturbances in a horizontal plane. Assuming that the amplitudes of the perturbations are very small, we write
where l, m are horizontal wave numbers and  is the growth rate. Infinitesimal perturbations of the rest state may either dampen or grow depending on the value of the parameter  . Substituting Eq. (17) into the linearized version of Eqs. (13)  (15), we obtain 
We assume the solutions of Eqs (18)- (20) satisfying the boundary conditions (21) in the form
The most unstable mode corresponds to Horton and Rogers(1945) and Lapwood (1948) .
Oscillatory state
We now set 
since T Ra is a physical quantity, it must be real. Hence, from Eq. (28) it follows that either 
The analytical expression for the oscillatory Rayleigh number given by Eq. (30) 
Non-linear Analysis
To obtain the information about the values of the convection amplitude and also the rate of heat and mass transfers, we perform the nonlinear analysis, which is useful to understand the physical mechanism with a minimum amount of mathematics and is a step forward towards understanding the full nonlinear problem.
For simplicity of analysis, we confine ourselves to the two-dimensional rolls, so that all the physical quantities are independent of y. We introduce stream function  such that uz     , wx      into the Eq. (9), eliminate pressure and non-dimensionalize the resulting equation and Eq. (10) and (11) using the transformation (12) to obtain
We will assume that, close to the threshold of convection, the basic circulation remains undisturbed but the temperature and concentration fields are distorted by the addition of a second harmonic with no x-dependence, so that
where the amplitudes
( ), ( ), ( ), ( )and ( ) A t B t C t D t
E t are to be determined from the dynamics of the system.
Substituting Eqs. (34)
 (36) into Eqs. (31)  (33) and equating the coefficients of like terms we obtain the following non-linear autonomous system of differential equations
where, ( , , , , ) ,
are not mentioned here for brevity.
The nonlinear system of autonomous differential equations is not suitable to analytical treatment for the general time-dependent variable and we have to solve it using a numerical method. However, one can make qualitative predictions as discussed below. The system (37) is uniformly bounded in time and possesses many properties of the full problem. Like the original equations (2)-(4), Eq. (37) must be dissipative. Thus volume in the phase space must contract. In order to prove volume contraction, we must show that velocity field has a constant negative divergence. Indeed,
which is always negative and therefore the system is bounded and dissipative. As a result, the trajectories are attracted to a set of measure zero in the phase space; in particular they may be attracted to a fixed point, a limit cycle or, perhaps, a strange attractor. From equation (38) 
This expression indicates that the volume decreases exponentially with time. We can also infer that, normalized porosity parameter, Lewis number and relaxation parameter tend to enhance dissipation. Finally we note that the system of Eq. (37) is invariant under the transformation (
From qualitative predictions we look into the possibility of an analytical solution. In the case of steady motions, Eqs. (31)- (33) can be solved in closed form. The steady state solutions are useful because they predict that a finite amplitude solution to the system is possible for subcritical values of the Rayleigh number and that the minimum values of T Ra for which a steady solution is possible lies below the critical values for instability to either a marginal state or an overstable infinitesimal perturbation. Setting the left hand side of Eq. (37) equal to zero, after eliminating all amplitudes except A , gives 
Heat and Mass Transport
If H and J are the spatially averaged rate of heat and mass transport respectively, then 
where angular bracket corresponds to a horizontal average and
Substituting Eqs. (31) and (32) in Eqs. (45) and (46) respectively and using the resultant equations in Eqs. (43) and (44), we get
The Nusselt and Sherwood numbers are defined respectively by
Writing C and E in terms of A and substituting into Eqs. (49) and (50), we obtain   
For brevity, i p 's and i m 's are not mentioned here. The second and third terms on right hand side Eqs. (51) and (52) represent the convective contribution to heat and mass transport respectively.
Results and Discussion
The 
Ra
. Therefore, the effect of Lewis number is to advance the onset of oscillatory convection whereas its effect is to inhibit the stationary onset. The effect of solute Rayleigh number and Lewis number on heat and mass transfer depicted in the above Figs. 12 & 13. We observe from these figures that, an increase in the value of solute Rayleigh number S Ra increases both heat and mass transfer. We observed that an increase in the value of Lewis number Le the heat transport suppressed while the mass transport enhanced. The autonomous system of unsteady finite amplitude equations is solved numerically using Runge-Kutta method with suitable initial conditions. Then Nusselt number Nu and Sherwood number Sh are evaluated as a function of time t . The above Fig. 14 depicts the effect of Soret parameter r S on transient heat and mass transfer. We find that the Soret coefficient has no significant effect on unsteady heat transfer while it enhances the mass transfer. The Fig. 17 depicts the effect of Lewis number Le on transient heat and mass transfer. We observe that an increase in the value of Lewis number Le suppresses the heat transfer while it enhances the mass transfer.
Conclusions
"The onset of double diffusive convection in a horizontal layer of Maxwell viscoelastic fluid in the presence of Soret and Dufour effects in a porous medium" is studied analytically using linear and weak non-linear stability theories. The classical normal mode technique is used to solve the linear problem. The truncated Fourier series method is used to make the finite amplitude analysis. The effect of parameters on neutral stability curve, heat and mass transfers are discussed. The following conclusions are drawn: 
